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551. .fo ( 73' SECTION In.-FORECASTS AND WARNINGS. 
FOBECASTS AND WARNINUS, DECEMBER, 1917. 

Ry ALFRED J .  HENHY, Si1pcvvining Forwavier 

[Dated: Welrtlier Burpsu. W:whm~~ou. Jail. 22. 181%.] 

The exceptional features of tlw weat1ic.r in 1)rwmt)er. 
1917 was the pronounced mid enduring cold that prr- 
vailed east of the Rocky Mountains and thcl ahnor~nal 
warmth on the Pacific (loast. The statistical &*tails of 
the cold weather will appear in Section VI1 of this RE- 
VIEW. The aspert of the w-eat.1it-r thnt iiiost imprcwd 
the forecaster was the sout,hw*arcl airid the c w t  i\-:ird 

of antic clone$ from the Canadian Nortliwcst : 

drifted southeastward from t hr northrrii Plateau I<rgi:ioii 
and the small numbor that rveutually r c w h d  t lie 
tltlantic coast. ' Ikelw so-callecl primury LOWS : i i d  
three secondary J.OWS have bwn charted. Of thew hut 
two, Nos. 111 and Z T k  (('hart 1111. were clisturl)rtnws of 
marked intensity east of thv ?Jlisdssippi and both of 
these disturbances whrn inst (Jhwrwd WW Iliovill~ 
northeastward toward Lahrttdor rathcr t lian I'ollii\\-iiig 
the normal course east\+ a d  over t'it- .\tl:intic-, 

With the exception of the ~ 4 ) s ~  ahin v na~nrtl !>oth 
H~QHS and J,OWR suffered a tlcc*i-w.;r in in t(31isit~j- nft er 
passing east of the Mississippi. T l i ~  conreiitrntinn of 
the HIGHS over the Missouri Yall~j- and t lw ('rtnadinn 
Northwest, while not esceptiona1,- g + w  to thc month 
its frigid character east of the Mis.;aiss:q,pi. Sot 11 sinplc~ 
imxi moved inland from the Pacific. 

swe'P the arge num r >er of partly dereloped cycloiies (l int 

PRESSURE OVER THE PACIFIC' AND ALASKA. 

Daily reports of jrressure, tcmycrature, w i d ,  aid 
weather.-Daily reports of pressure, teniperflture, wind. 
and weather are received by cable and radio from two 
points in the Pacific and several points in Alaska. The 
geographical coordinates of the st.at.ions used in this dis- 
cussion are as follows: 

- -  

Station 

___ - ... .- 1- - -. -. _. -_-- 
Midwav.. ..................................... 
Rmollilu.. .................................... 
Dutch Harb or... .............................. 
Sitka.. ........................................ 
Eagle .......................................... 

The problem of the forecaster is how best to interlmt 
the data received from these widely separated points, 
representing on the one hand subtropicd areas of thc 
mid-Pacific, and on the other sub-Arctic coastal and iii- 
tenor districts of Alaska. It is obvious that the iiitli- 
vidual daily pressures from these stations can have littk 
direct bearmg upon the. prepration of the d d y  forecwts 
but may be of some value in their amplification or in 811 
extension of the time beyond the present, limits of 36 and 
48 hours. Accidental pressure variations over continen- 
tal areas have. been investigated in more or less detail. 
In general, it is known that the miplitude of the varirlr 
tions increases with increase of latitude, but a9 between 
variations over sea and over land not much is blown. 

It is the general impression, however, that the stability 
of the pressure over continents is greater than that over 
oceans.' The accidental variations at the two Pacific 
st,at.ions n.re small, as might he e s  ected froin their low 

approximately five or six times greater than at Hono- 
lulu; at C!nlifornia coast, stations about. three times greater. 

It may be t,liat the niagnitude of the accident@ pres- 
sure fluc.t.ua.t.ions along coastal regions of Alaska is 111 soine 
W S L ~  relat,ed t.0 the very reat contrast between the air 
temperatures over hlld ail % sea, respectively, which obtain 
iii t.hnt part, of t,he globe. The records theniselves afford 
I I O  indication of w1ia.t the relation may he, hut in seeking 
: ~ i i  ssplnnation it. may be recalled that the coastal strt- 
t h i s  tire 011 the. t)orch-laiirl het.ween R marine c1iniat.e 
on the one ha.iid and a coiitiiiental climate of unusual 
sevwity on the o t h r ,  and that, only a slight readjust- 
ment of the prevailing weather conditions may bring the 
coust.al stat.ioii more coin letely under the control of 

for tfie time become continental. In passing from one 
control to the other t.hese large xessure vanations may 

Alaskti shows t.liat, t,he transition from high pressure to 
low pressure in t.he int,erior takes place sonieti9e.s slow1 
cuiit agniii rather quickly, but generavy t.he.ac.tioii at bot, 1 
coast and interior st,ations synchronizes fairly well. The 
following values, t,aken from t,he December, 1917, records, 
is an example of how quickly an interior HIGH may break 
clown when a LOW advances from the West'. 

Prtwure uird trmperuturc. intwior utid coastal dluakn, Dee. 1.2 to 16, 1917. 

lt-ith.de. Tlic fluctuations at, Alas R an coast stations are 

occitiiic i!iHuences, or, on t P le contrary, the control may 

ocrur. A i 1  esniiiination of the c \ ails weather charts for 

T 

-_ ... - - 
! 

Uoremlror. 1917. 

Klemciir. 

. --. - _ _  . . . . . . .  

I'rewire fiiivher): 
tnterinr ..................... 
I'O;L?it ....................... 
Differunce .................. 
Iutmior ..................... 
l 'O3JL ....................... 

'I'cllipemtilrs ( O F .  J: 

.................. 
- - 

It is seen from the above that the fall in pressure began 
at, Eagle, the interior station, a day later than on the 
coast; also that it was associated with a rise of 18 degrees 
in temperature. With the temperature 70 to 80 de- 
grees lower at  Eagle than at Sitka the sealevel pressure 
will naturally be about an inch higher. After making 
tdlowance for the difference in teni >mature it. is seen that 

nearly the same. 
dceidan.ta.b premure variations.--It is one of the es- 

tsblished facts of meteorology that a fall in the barometer 
which set,s in over &ny region geneTally progresses froiii 
west- to east, sometimes at first wlth tl. southerly coni- 
ponent arid later with a northerly corn onelit! and that 

follows the sanie course as did the preceding fall. Smce 
the advent, of cyclones and anticyclones from the west 

the level of the baromet.er r ed le t  I at the two places was 

a rise in the barometer succeeds a fa l  Y and in general 

I fim Hum. Lehrhuch der Mt?t~orol~ie.Sd ed.. J-eipzig. p. 201. 
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or northwest is the most important kiiown weather 
control for the United States, it is not strange that much 
study should be devoted to the detection of the first sigii 
of the development aiid movement of these weather 
controls. The rate of movement of cyclones across the 
United States, on the average of the year, is about 30 
miles an hour, or 780 miles in 31 hours; over the North 
Atlantic it is about 20 miles an -hour, or but 480 miles 
in 24 hours: over middle Europe it is still less, and over 
the Pacific little is hiown e i h r  of the derelopnient, or 
movement of cyclonic st,orms beyond the st.at>enienb in 
Weather Bureau Bulletin A that the z e allnui1.l 
velocity over the North Pacific enst of t l i L Z 3 a  penin- 
sula is about 1s miles er hour. In the Hawaiian Islands 
there occur in the colc F season what are known as “konn“ 
storms, the word *‘kana" meaning ”leoward.” Sirwe 
the wind in these storms blows froiii the sout.liwest. o r  
leeward side of the islands, the mine “ koiia” has been 
applied to them as a descriptive term. Naturally a wind 
from the leeward side stands out in sharp contrast to the 
prevailing Northeast Trades. From what 1itt.k inforina- 
tion the writ,er has been able to gather concerning these 
storms, it would seem that, they are neither inore nor 
less than cyclonic depressions, or troughs of low pressiire. 
with a longer Luis, possibly 1,000 niiles in length, ad- 
vancing slowly from northwest. to southeast, and prol>abl~- 
dissi ating long before the Nort,li America.n coast is 

Cyclones occasionally pass inland over the coast of 
California., south of Sants. Barbnra, hut it is not heliclred 
that they have pursued a lei1 thy course over the Pacific.. 
If cyclonic depressions move8 uniformly toward the eilsta 
i t  would be a comparstively simple matter to announcc~ 
their arrival on the Pacific coast. The c?sparienc.e of the 
last 40 years, however, shows beyond the sha.dow of a 
doubt that cyclonic and an ticyclonic formations are IlUta 
enduring; that the form of the houndin isohars is c.011- 
tinually changing and that the level of t f e barometer at 
the center may increasc or decrease with the lapse of 
time, aiid with each change in the lcvel of the barometer 
there is R corres onding chan e in the intensity of the 
formations. Un x er the most f avorablc! conditions somP 
high1 -develo ed cyclones hnve been traced hlfwtiy 

The writer has given particulnr attention to the ~t bsure 
distribution over that part of the Pacific in which !&way 
Island and Honolulu, Hawaii, are situated. Midway is 
about 4,000 miles and Honolulu about 2,500 miles from 
the coaat of southern California. If, therefore;, we assign 
to cyclonic depressions a speed of 480 miles in 34 hours 
it would require not less thsn five days to pass from Hnn- 
olulu to San Francisco, provided the depression held to- 
gether as a definite entity for the entire distance. Tliv 
probability, however, is strongly against a continuoils 

ath of 2,500 miles without c1ia.n e in form or intensity. 
bnfortunately there is no way r f  identifying a cyclon1c~ 
depression that ma,y hare been observed at  Honolulu, 
for example, and one which a week or 10 days later nis,y 
appear on tlic California coast. When .ship reports be- 
come more numerous than they are now it may be POR- 
sible to make a positive identification. 

On December 10, 1917, the barometer at Midwa sfink 
to 29.56 inches b successive falls over a period o 9 ahoiit 
five days. This 6 w  level was indicative of the .resew8 

-weathw in that part of the Pacific. f n order 

rometer a.t the two Pacific stations and a t  several pairs 

reac l ed. 

roun d Y  the gloJe, but these are the exceptions. 

graphcaly Of stofmy to present the daily fluctuations of the ba- 

of stations between Alaska ant1 t.he California coast, a 
diagram has been prepared (not reproduced). This 
diagram shows that the fluctuations at the two pointa 
wwe in the same sense, that is, both rising or both falling, 
on 17 days; that they were in a different sense on 9 da , 
and that on 5 days there was no change a t  one or t P e 
other of the stations. The diagram does not show, how- 
ever, any regular progression of the fluctuations from 
west to east,. The marked fall at Midway, culminating 
011 tlie 10th with a reading of 29.56 inches, did not a pear 

although a very mn.rked de ression of the barometer on 
the southeastern coast of ll aska was observed on the 
13tli, three days later. This depression did not immedi- 
ately pass inland, but seenied to develop northward along 
the coast on the 14th, 15th, and 16th-m the readings 
at: Sitka in the small table on p. 607. 

It might be nssumed that because this depression a - 
barometer at Midway, there was a direct relation be- 
tween the two events. It, is preferred to believe that the 
low pressure a t  Midway was a positive indication of a 
rather widespread barometric disturbance over that part 
of the ocean, with its center somewhere near the Aleutian 
group, and that an offshoot, t,lierefrom readied the Alaskan 
coast four da,-ys later. 

in the readings at Honolulu three or four days P ater, 

leared three daw after the vsrr considerable fall in t i e 

R1QH.S. 

Eleven HIQHS have hen plotted 011 Chart 11, all of 
whirli originated in the Cnnndim Northwest and moved 
as shown on the chart. Two HIGHR, Nos. ZZ and VZIZ, 
moved almost directlv southward a.nd dissipated over 
the Gulf States. High No. 17 moved southeastward in 
two branches, only one of which, the northern, endured 

Three of the 11 
HIGHS did not reach the Atlantic. coast, and three others, 
Nos. VU,  V I U ,  and VZ11.4, suffered a material reduction 
in speed of movement as they neared the Atlantic. The 
la.& HIGH of the month, No. VIII,  was characterized by 
central pressures of 31 inches and over, and was distin- 
guished from the others hy the fact that the level of the 
barometer in tlie LOW that receded it did riot fall below 
:30.05 inches until i t  had rea.c od the Lake Superior re ‘on. 
The barometer ovw northern Saskatchewan and nort em 
Manitohri, where it originated, stood a t  a high level with 
very low tempera tures immediatelv preceding the begin- 
ning of movement of bhe r r m r .  ??he movement of the 
HW;H became possible so soon a.s the pressure to the south- 
i+ir-tward fell. This latter WRS an accomplished fact bv 
the afternoon of the 26th, and on the morning of the 27th 
a shallow oval-sha >rd mw, with central ressure 30.05 
inclios. wa.s cent,ra 1 over northern Lake dperior. The 
aouthenstwa.rd movenient of the HIQH now became 
assured, aiid starting with 8.11 initial pressure of 30.80 
inches it is not strange that a rise to 31 inches and over 
shoixld occur during Lts movement over the Dakotas and 
the upper Mississippi Valley. ‘ h e  following successive 
pressures and temperatures at Battleford, Sask~tchewan, 
?how the rate st which the HIQH developed: 

- until the Atlantic coast was reached. 

Fi: Yl 

- . - ....................... -. ... ....... .-._____-- 

Battleford. bsk. 

. . .  . .  . . . . . . . .  _- --.- 

.............................................. 
Dee. 27.1917 ............................................. 
Dec 27 1917 ............................................. 
Dec: 28: 1917.. ......................................... ..p. m.. 
Der‘ 2s’ 1817.. ........................................... -41) 

-_ -- 
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This great HIGH moved eastward across the Great 
Lakes on the 28th and 29th and brought to eastern New 
York and New England the lowest winter temperatures 
that have been recorded since the beginning of Weather 
Bureau observations in 1870, the estreme minimum being 
reached at both. New York and Boston on the moruin 
of December 30, 1917. By this time the HIGH exteiidec 
from the St. Lawrence Valley southwestward to Texas, 
its isobam forming a wedge-shaped configuration, with 
northeast to north winds in the eastern side of the wedge. 
Since the eastward advance of the HIGH wits slow cold 
weather in Florida and the South Atlantic States wa4 

5 

ment of this HIGH WM a norther iii the Csnal Zone. diicli 
began December 30 and continued until January 2, 1918. 
Maximum velocities were attltined as follows : I‘lirty-five 
miles per hour from the north on December 30, 31 milw 
er hour from the north on December 31, and 313 miles per 

!our from the north on January 1.  Tho norther was 
attended by heavy rain, low temperature, and high pres- 
sure, the maximum reading 29.957 iuches, being the 
second highest of record in the month of December. 

I a m  indebted to Mr. R. 2. Fits atrick, Chief I-Iyclrog- 
rapher, Panama Canal. for the x Y m w  information. 

1,ows. 

before attttetl. but. t,wo LO\\-B attained the inteiisit,.v 
of  severe winter storms aiicl for that reiw)n they will 
he given special attention. 
Low No. I11 evident,ly originated ove r  t.hr North 

Pacific, but it was not until the morning of  Dewmber 6 
that the center was drfinitdp located 111 tlie iiort.herii 
Rocky Mountains Rt?gion. At t.hhnt time pressure 
southward to the MexicrtIi border was rrlativi4y low. 
By the afternoon of the 6th the venter of low ressiire 

No. ZII) .  This trtinsformti.tioii WLS effected by a risc 
in pressure in the northern and v e n t d  Rocky Moun- 
tain districts and a sninll fd l  in soutlirrii districts. 
By the morning of the 7th the form of this baronietsric 
configuration had hi>cc)me mi oval whose longer mis 
extended from Ahilene, ‘rex., to Roawcll, N. >lex. The 
wind circulation about the center was cyclonic nut1 tht. 
nipidit-y of the pressure fall to t,he eastward indicatctl 
t,hat. H, severe c clonic atorin wtis id~oiit. to develop. 
Precipitation hti. ;Y not yet hegun. rsrept over Ktitistts 
and in easterri Nebrnskn points soinriditit. f w  (listant 
from the renter of the LOW. The LOW incrmsetl in in- 
tensit duriw the 2-1 hours following s 11.  111. Deremher 
7, a n i  move$ rapidly to southeastern Kmtuc.h by the 

direction to the inouth of the St. Lnwrenc.e t ~ n d  pawing 
beyond the field of observaticiii 011 t,he loth. 

?’he fall in preasurc. near the center of this st.trrni wits 
uuusually rapid ;snd the baroniet.er sank to ti level of 
28.92 inches by the 1nornirig o f  the 9th’. Thc full i n  
the barometer at W:ishing(;on, D. C., frvm 11 21. 111. to 
3 p. m. of the St.h W;LR 0.51 inch, R rtitc t,li:it. is rarely 
exceeded even in tropiml cyclones. The following ai(-*- 
count of this storm t ~ s  it assed over Lake Erie is con- 
tributed b Mr. David 6) uthbertson in c.hnrge of t.lw 

The storm appeared aa a well-developed LOW over New Mexico 011 
the 8 p. m. map of December 6. By 8 a. In. of the 8th it had moved 

wais in southeasterii New M e s k i  (see C!hsrt, 11 ‘i track 

morning of the Sth, t.henc:c wiitinuing in il iiort .. *l etisterly 

Weather B ureau station at, Ruffah, N. Y.: 

1.0 eastern Kentucky and iiicreaaed great.ly in intensitx. At 8 p. m. 
of the 8th it was centered over eastern Lake Erie and by 8 a. m. of 
the $!th i t  had moved to the middle St. Lawrence Valley. The high- 
pressure mea iu the Northwest on the afternoon of the 7th meanwhile 
trad moved to Texas and a new HIGH had moved in from Alberta 
over the upper Mississippi and Missnuri Valleys and the adjacent 
Canadian Provinces, thus furnishing the p d i e n t  nerewary for the 
cmtinuance of westerly gales. 

OII the morning of t.he Sth, while the storm center was over Ken- 
tucky? riortliemt storm warnings were issued from the central office 
a t  !):an a. m.. for Lakes Huron, Erie, Ontmio. and southern Michigan. 
Snow was forecast for Saturday night and Sunday with colder weather 
Sunday. Snow had already been forecast UII the previous day for 
Saturday, the Sth. In the local forecast this --as amplified to “Snow, 
probably heavy, tllis afternoon and to-night,; Sunday, snow and de- 
ridedly colder. Strong northeast g&s bec-ominF west to northwest 
t.o-night nr early Suuday morning. Hold ,:I1 shlpmente in common 
cars. Marine interests ahould use caut,ion. 

Be.jides the maps and forecast cads  and the usual distribution 01 
the forecast and warning through the loral press and by telegraph, 
telephone, and wireless, t,hey were given to each of the daily papem 
in ;I sews article in which emphasis was placed on the neceaaity of 
Iirepsration by all interests concerned for a severe storm as the com- 
binat.iou of gales. snow, and severe cold held dangerous pnaaibilitiea. 
.Ill railroads, shippers, and marine interest,s who could be reached by 
telephone were likewise warned t.o take extra precautions. The storm 
\arning was changed to “northwest” at, 2 p. ui. Ssturday and con- 
t.inued “nortliweit*‘ st 2 p. m. Sunday, the 4th. 
Snow benan falling in scatt.ered flakes at. 750 a. ui. of the 8th and 

iu Ine;laura%le quantities at I) a. m. Except for two intervals of two 
and t.hree hours, respectively. on Suuday. the Wi, snowfall waa con- 
tinuous until i :05 u. in. of Monday, the 10th. The total duration of 
snowfall in mewiimble quantities was 41 hours 40 minutes and the 
total deplh recorded was 25 incliea. II conqmison with the records 
of other geara shows that this exceeds by 2.5 inch- the maximum 
Whour amount revioualy recorded. 
As the center orthe storm psssed near to Riiffalo and northeast winds. 

bein0 from the land, Heldom reach high velocity a t  thia station, not 
mucg increase in the wind velocity waa noted while the wind remained 
in t,hat quarter. though repixled velocit.iea from nearby stations show 
rhat the warning was amply justified. On the shift of the wind to 
westerly about 10 p. rn. Saturday, the velocit,y increased at once to 
4s miles per hour and the temperature began to fall. By 11:05 p. m. 
the velocity had reached 74 milea and at 43.1 a. m. of Sunday, the gth, 
the maximum velocity for the storm. 78 miles per hour from the west. 
was reached. For the 3 hour8 endin at 5 a. m. Sunday the wind 
weraged 72 miles per hour, and fnr t f e  24 houra ending at 10 p. m. 
Sunday the average velocity waa 56 milea per hour. 

The temperature fell to Go F. by 10 a. m. Sunday, and continued 
from 6’ to 10’ during the next 24 hours. The snow was dry and con- 
sequently caused no sennus interference with communication by 
Felegraph or telephone. Wit,h one exception marine interests heeded 
lhe warning, even to the extent of two vessels which had left the 
harbor returning to their anchorage. Consequently there waa no loss 
of shipping from this port. The experience of t.he ~VcCulZou~h, the 
Imly vesael which ventured out. is interestin0 and instructive. Under 
the command of Capt. J. 8. Neal, thp dfcCtt%Zoqh left Buffalo Harbor 
ibt 7 :45 p. m. December S, with a car50 of coal for up t,he Lakes. in the 
midst of heavy driftin8 snow and with falling barometer. The wind 
iresliened and hy the time she had roceeded .W miles (.he vessel was 
in the midst of a howling gale and glinding wow storm. It waa im- 
possible to reach shelter so. about 20 milea off Long Point, the vessel 
was headed into the storm and the anchors drop ed. There she 
remained until Tuesday mornin when the tri was &continued and 
she returned to Buffalo. Saturfay night and gunday the wava were 
SI, high that it. was imgomble to paas along the deck of the veaael. 
Tarpaulins were tom o the hatchea and the upperworks of Ohe vessel 
SOOn became heavily coated with ice which formed aa fast aa the water 
reached them. When ahe returned to dock at Buffalo the veaael was 
so heavily loaded with ice that her bows were down a foot deeper in the 
water than usual for the cargo she carried. 

About 9 inches I$ snow had already fallen when the westerly @ea 
began at 10 p. m. Saturday. With such a depth of loose snow on the 
ground and the high wind velocit attained trolley traffic waa soon 
curnpletel demoralized by the drizing snow. Interurban and steam 
roads faredrbut little Letter. Even when the storm ended and the snow 
plow8 had cleared the linea, movement of freight in the yards waa 
practically impossible unt,il the great. accumulation {Jf snow could be 
hauled out.. 

The greatest damage from the storm centers around the delay in 
transport.ation. Many of. the Lake boats detained in port will not 
attempt another trip and this. with the great delay in rail transportation, 
in view of the criticd conditione existing, amounts almost to a calamity. 
All losses. however, which were preventable were avoided through the 
timely warnings of the Weather Bureau. 
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The following excerpt from an editorial in the Buffalo 
Enquirer of December 11, 1917, is a fair sample of the 
favorable comment of the 1oca.l press on the wnrk cif 
the Weather Bureau U i  forecasting the storm: 

The aevere storm which Buffalo has been ex eriencing since last 
Saturday waa predicted in the forecasts sent. &m headquarters at 
Washington and supplemented by t.he local weather office. Early 
an Satiuday morning warnings were issued to marine and commercial 
intereata to use extreme caution in shipping and a general warning told 
of what waa in store for Buffalo and vrcinity. 

Certain reaulta of the forecnst were that. millicins of dollars worth of 
eriahable goods were saved from comp1et.e deairuction and iint,old 

#amage waa avoided by marine interest,s. Shippers who are ohligetl 
to depend upon weat.her conditions for the safe comipnment CJf goods 
by rad or water are no doubt con,gratulat.ing t.hemaelves that t,hey 
took the advice of t,he Weather Sureau and thus saved t.heruaelvetr 
much trouble and loes of money for if ever the efficiency of t,he Weat,lier 
Bureau waa eatabliehed it was in thie particular forecmt.. 

In a similar vein the Buffalo Everiiiig Tinies wid 011 

December 12th : 
The marine and commercial interests were warned early Saturday 

morning by the Weather Bureau that heavy enow WM to be expected 
in Buffalo and vicinity Saturday and Sunday, accompanied by stroiig 
galea to be followed Sunday by decidedly colder weather. Rt~wni 
warning were displayed and t.he marine intereata were tdd to use 
extreme caution. and shippere of perishable goods were arlvised to hidd 
all shipments. 

The people of Buffalo need not be tuld that the abow forem& and 
advice was fully verified, for thev experienced cine of the severest 
storms that hate passed over t.hiw vichit,y in many years. and the 
Weather Bureau hlls again proven, aa it hau many tiiiie~ behire. that it 
can be depended upon to warn t.he publir when stmntr \5f a deutnic.tiw 
character are about to occur. 

Low No. WA (Chart 111). the second c.ase of sudcl~m 
development in intensity, had a history much similar 
to LOW No. ZZZ, especially in the early part of its c0111se. 
This LOW was first observed over British Columbia 011 
the morning map of the 11th with H. central pressure of 
29.50 inches. It developed ra >idly to the southoastwartl 
during the nest 36 hours, but the rapid southward 
movement of HIQH No. I T . ’  (Chart 111, appears to have 
divided the LOW into two portions-a northern and ai 
southern. The southern ortion filler1 np hut the iiorth- 

first as a shallow cyclonic de weusion hut during the 
afternoon of the 13th developed into a vigorous cyclonic 
storm and passed northeastward over New England 0 1 1  
the 14th. 

In this, aa in the previous case, there was Iidiing in 
the surface conditions to indicatc 8.n increwe iii the in- 

, tensity of the cycloiie, escept the fnct that pressure fell 
more ra idly than usuul, m d  tlus fiwt seems tn be tliib 

crease or diminution in the intensity of c.ycloiiic storms. 
In this connection it, may be worth while ti, refer to SOIII(* 
of the surface phenomena of cyclonic depressions ptiss- 
ing southeastward froni tlie Pacific coast to tlie Gulf of 
Mexico. Our first comment is that. cyc.lonict wind vir- 
culation in these depressions is imperfectly organiz:lvl. 
This may be due to t8wo considorations: first, owing to  
the uncertaintk in barometric reduc.tions to sealen4 
known to txist for the ltocky Moiintnins and Pl:it.twu 
regions the center of the LOW may not have hecm pliirctl 
in its proper geographic posibion: and second, tlic oh- 
serring stations are widely scattered : some are s~purnterl 
from each other by high mountains. others are sitiiated 
in valleys or depressions which largely control the wiiid 
direction. I t  is, therefore. to he cspected that, t l i t n  

mapped circulation about a. ILW in t,lint region will Iw 
more or less imperfect,. On the ot.her hand, w h i i  tlic 
wind shifts, or backs, to north the effect of iwt?wlririties 
in topography disappear-there is almost ahsofutc uni- 
formity in the direction of the winds, all heiiig from :i 

ern portion-see track a o. ZV-~-morecl etlstm-trtl at. 

only in 2 ication available to t,he forec.rister 11s bo tin iii- 

iiortlierly qua.rter, auld the force is much greater than 
from a.ny otlicr quarter. 

Our second comment is that the nioveinent of a depres- 
sion orer the Rocky Mountains region seems to be almost 
wh0ll-j- dependent. on the “force” or “driving 
the i m r r  to the northward; and the strength o tlie HIGH 
seem to be proportional to the dcpth of the depression 
in its front,. In other words, the greater the contrast 
between tempeniture and pressure (I say temperature 
i~nd prtwurc’ advisedly‘) the greater is the speed with 
wliich the depression is forced toward the southeast. 
‘rliis point. has aha:idg been touched on in the account 
of the two I,OWS tibove mentioned. and it has also been 
yciinbecl 011 t tlin t of the sui.fltce winds northerly winds 
are irnifcirmly the stronger. I+om these fact-s it seems 
~ ’ e t i ~ ( ~ ~ i i ~ h l ~  t.0 infer that the superior force of t,lw northerly 
winds, lixrgel~* if not w~liolly at gravi tlttional force, literally 
swept, that port,icin of the clcpression immediately in con- 
tact. 1vit.h the surface, fur to the southeastward: that there 
reniiiins a dist.m.hance in the uliper levels which may or 
may iiot be continuous with the remnant. on the surface 
q>ptws c p i  ti? likely, rind this view is strengthened by the 
squenc.(a o f  ereiits :ttt.eniling LOW No. Z V A  (Chart 1111. 
Ln this C B B ~  thc l e d  of the barometer over British Coluni- 
I i i s  just, aftcr the I A N  pmwd inhid  was 29.50 inches: 
wlicm it renchcd (1olor:ido the lerel at, the center had risen 
L I I  ?!).74 iiiclieo. Thcn Iiegjui the tweeping niovement in 
the rear, due to the supenor force or driving power of 
high pwssurc~ and lorn t.emperaturo in Montana and to the 
iwrtlm-iird. ;is :t result. in 12 hoim the center of low 
pressiirc uppurent.ly l i d  Iwen sepsrated into tw-o parts: 
one of wliiah was over ‘I’rsns with a central ressure of 
? ! ~ . ~ f i  inc1it.s. :in incrtme in central pressure o P 0.36 inch: 
the sec:ind pn.rt beinL over eastern Missouri with a central 

hours the southern depression had disa penred and tlie 
iiortlicrn dcpression was cc.nt.rn1 over P ndiana with its 
Iowcst prcssuin at 30 inches, and singularly the precipi- 
tation in connectioii with it wxs  confined to the northern 
:tnd wrst,ern quadrants. R condition not. usually occurring 
in rL. >ressioiis east of t.liiA Mississippi. The surface winds 
were \ iglit., hut the circulat.ion was t.ruly cyclonic. ‘rem- 

vat,iiri.b was low and the ground siiow covered, yet the 
kronieter fell raxpidly during the I Mi, the wind increased 
in force, and a sewre winter storm developed. 

I t  is difficult t.0 esplriiii t . lk  nitirked increase on the 
tiasis of surface conditions, and indced it is not easy to 
c.splnin it. from upper-air conditions without indulging in 
innre or lws sprculittion. T t. doihs s~pcni, however, that, 
t,lie circwiistunt?es recited aliow load tro the inference that 
t.lir serit. of c~ic?rgy vf t h  I ~ W   io^ not. rest 011 thh surface, 
Imt rut.lier thtit tlitw is n column of warmer air whose 
iiliper limit. may est.end t,o 5 kilometers, and osibly 
liglit~r, in w\.hic*li cyclonic tlepressions are Carrie! along: 
t.1iti.t this ?mriiit:r iipper current is iindcrrun on its west- 
1-1’11 m:irgrn liy R cwltl, dry currcmt from the north or 
iiortliwcst u-liivh t1ot.s not cist.cnd upward much above H 
liilonic~t.tm. JYhilc t,liese a.lt.itudes we 
;ire Iiuscd, iii part., on t.lw evidence 
ITH iuii t.~i.in i.iI)scrVti.t.i(:iiiY tis t,o t . 1 ~  
tile nortlierly wiiitls that Mow over the Plains States 
t1irrc.tl.v Piist. of t,he liockj- BIoont.ains. The esistence 
m d  Iiriglit, (if $1 soiitliwJst current is infwred from the 
mo\-c~iiient. of uppw c4riutls at, stations in the Southwest, 
p:irticularly ?JLW Mesico. ‘I‘esas. .irkamas, and 0klti.- 
hoina.. suiip1cnientr.d tiy kite observations a t  Mount 
Wetithrr. Va., and nrest~l, Neln.. hIucli critical esaminu- 
t.ion of t.he inovemeiit of cyclones and anticyclones is yet 
req 11 ire ( 1 hef ore de fini t,ive stat, em r n t.s c 8.11 he in 8 de. 

power.’ Of 

> i w s u r ~  of :30.14 inc f ies, tin increase of 0.64 inch. In 24 



IhCEMIJER, 1917. MONTHLY WEATHER REVIEW. 611 

w A HK 1 K GS . 

Storm wariiings were issued :LH follows: Oil the C;wat 
Lakes, or some portion of t.lieni. on l~eceniber i!, S, $I9 tint1 
17: on the .4tlantic coast, or sciiiie port.ioii of  it.. I)rcenil-i(~ 
1, 6, 8, and 13: on the Middle Gulf cotwt, on l)e(.eilihri. 7 
aiid ii. Cold-wave warnings were issued for soilit' pir t  
of the Washington Forecast District cin lhcernber i ,  Y. 9. 
13, 14, 22, 23,  24, 25. 27, 28. ~ i i d  29. Rn.rriings of frost 
and freezing temperatiire in thc trucli regions of t.lii. 
South were issued, in connection with t,he daily foiwasta. 
on numerous dates. Reports of ect.ivi tics :it ot~liv'r' fnrv- 
cast centers follow. 

WARNINGS FM n r  ITH I.;H I 11 s m  I(TS. 

C.'h.icago, ZU., -foreecccxt r~,~,~ctr.i.af.---'rtIc wea.thrr cluri ty lh- 
c!c?ml>er, 1917, over most of the t.!hic.ngo forccwt district. 
WHS abnormally cold with fra ueit t prec.ipitilt.ioi1. prarti- 
(-ally all of which w~is in tlie Y orni of snow. Periods of 
temperature dmve iioriiid werc wlinrt :I nd infrvc w i l t , .  
and cold wti:ttht?r prrsiutd thrc~uglit~u t priic.t,ir:idj- :ill 
seckions. 

The first cold-wuvr wa.riiii1gs of  t.lic! inoiith w t w  issiicd 
on the morning of Deccmber 6 for Nort,li I):i.liotn iiiitl 
eastern Monta.na iii connrctinn with i l i i  :irm o r  liigli 
pressure over Sn.skatrhcw;iii. Hy t h  iiioiiiiiig i I f  tlic- 
7th this a.rea had assumed the proport,iotis of :I wcll- 
marked cold wtiv'cl? prt\c(-cLe!tl :is it \iri ls  h y  21 rii.pitlly ( I~ep-  
ening depression ceiitral ovw west,t!rii T'csirs. ~:iriiiitgs 
were thereforc estcndetl to fill the remi iiiiiip port.iims o f  
tl te district, except the (1s twmc cw tcim srwtions. w-her(-1 
at tha.t time, the tempera t.1irt.s wc'rc :ilrcwly low. Dur- 
ing the day, the disturbailre over T r s : ~  rnovcrl ii(.wt,lt- 
enstward iiicreasing in i~itmisitv ittit1 carusirip iiitusuri.Uy 
lieavv fa.lIs of snow in the southern port.ions of Missouri 
and Illinois. It, w:i.s foIIowcd t)y estreme wltl for so 
early in the se~son,  record low- t.empersturrs for I)wenihcr 
being reported a t  some points on the moriiiiig o€ the 9th. 
A11 warnings issued for this rold wit,-,-r were fully voriticd. 

Another cold high areu qqwti.rt*cl o w r  Aliwrtii on the 
morning of the Mi, aiid nio\-ixl rapidly soutlic.ast,~~.nrd. 
cbausin a continuatioii wf the colt1 wentlier over pra.c!t.i- 
callp t i e  entire district. A s  the tenipcrti tures were t.licii 
already abnonna.lly low owr most. sec*t,ions, no warnings 
were issued during tlir lmssnge of this HIGH m e r  thc 

Wyct., Rapid City, S. Dak.. westeiii Nrhraskti ~ i i d  wrsterii 
.Kansm, and oii the morning of the 9th to southenstc~rit 
Kansas. These wsrnin were partially verified. 

the development of a low- )ressiire nrea over r:lst.erii 
North Da.kota. exteiiding sout \ iwestwtird ;ind then Iiortli- 
westward to a deep depression in British Columbia, with 
severe cold and high pressiirr in the Canatlitiii Northwest. 
By evening tlie pressure over the lutter section 1ia.d i t i -  
careased considerably mil, SI] ticipating ik! movc?nitmt 
eastward and aoutliward in the reair of tlir crrscriit,- 
shaped trough which had deepriled a 1x1 moved south- 
ward during the day, w:i.riiings were issucd to Wyoniiiig 
and northwestern Monta.na. The t.em )erature.;i nt thi-it 
time were much helow 0°F. over Nort E, lhkota u t i c l  tht. 
balance of Montana. 'llie S a. m. map of the 12t.h iiidi- 
cated and warnings were sent to all pni1it.s HS far soutali 
HS Kansas a.nd northwest Missouri and RS far east as 
southeast Wisconsin; and on the ba.sis of tlie 1 
special observations, they were extended to inc lu8  
remainder of the eastern portion of the district. 811 
warnings in connection with this cold wave were verified 

district. escept on the evening of the 8t.h t.o C h ( . . . - b  '1. t.1111(', 

The weather map on t T ie niorniiig of the 1 l t h  iiicliraitcd 

with tlie exception that in eastern and extreme southern 
Illinois R verif-ying temperature fall was not reached, 
:ilthough readin 

The last col CP wave of the month first appeared at 
Edmonton on the evenin of D mber 22, and warnings 

During the 23cl a. crescent-shaped depression formed iii 
front of  this high-pressure area with a trough reaching 
from western Lake Superior southwestward and west- 
wa.rc1 across the middle Rockies to the Plateau Eegion, 
thus producing ideal couditions for an estensive cold 
w'ave. Wa.rnings for severe cold with strong winds were 
issued successivelv-from tlie 8 a. m. niap, 1 p. m. s ?ecial 

to be affected within the nest. 24 to 36 hours, so that by 
the morning of Qie 24th, the entire district east of the 
.Roc:k?; Mouii tnins litid 1)ecn covered with the exception 
of eastern Illinois, where the cold was not espected to 
tie severc owiiiv to the high temperature prevalent durin 
tlie 23d. NtRougIi the tempera.tura in ~ a n s u s  an 
Jlissouiri clid not reach as low it point as expected, the 
cdd wa.s PIT PI'(^ over the iiortliern and cen tral portions 
of the c1ist.ric.t utirl the wsniings fully justified. 

On the morning o f  the 25th. the mssure had increased 

ii1tlic.titions Of 11 reinforcement over Saskatchewan and 
M:initoh, but. owitig to a development of a low-pressure 
:iiv:t over the niicltlle Plains States durina the 26th, the 
sou t,liward movemm t. of thr reinforced coyd was delayed 
utitil the night of the 36th. The morning mup of the 27th 
showed intense cold in t,he Caiiadian Northwest with the 
rtmcirknbly high hrometric pressure of 31 inches a t  
Ba ttleford. Thew os treine conditions advanced slowly 
eastward niitl soutliwttrd during the 27th and 28th and 
weiv preceded by warnings for severe cold well in a.dvance, 
practically all of which were verified. A t  many points 
in the l\liddlr Wlbst, the lowest December temporatures 
of record were report,ed, and on the 2Sth barometric 
readiiigs as high as 31.18 inches were recorded over thc 
r)~.ko tas a11 cl ad j oinin,a scc tions. 

Tempera tures coiisiderably helow normal prevailed 
over the district vast of the Rocky Mountains until the 
c w l  of the month, although ~t niarked moderation had 
sct in over west.eiii sections by thc evening of the 31st.- 
b . h w  If. Hni.)i.ee, Meteorolopst. 

:\.'rn. O.rirrtr.n*u, Lu. , $.,recast distriet.-Frost or freeain 
\ve:itliar warnings were issued for the southern portion o 
t,(.iis district on December 6, 10, 13, 14, 25, 28, 29, 30, 
aiid 31. The frosts or freezin temperatures occurred 
:is forecast,. niicl neither confitiou occurred without 
warnings being issued. 

Cold waves were of frequent occurrence and walmings 
were issued HS follows: 

L)eceml-,er 7, 9:45 a. ni., cold wa.ve-Oklahoma, west- 
crii Tesas, and the northern portian of eastern Texas; 
2:30 p. ni., for southern Texas; and 9:30 
southsrii 'rems and eastern and southern oiiisiana. 
The warnings were fully justified. 

December 11? 1:30 p. ni., cold wuw southetistern 
Louisiana. ; was justified. 

Decembor 12, 2 p. m., cold w u w  northwest Arkansas, 
Okli~liomn, westerii Tesas, and the northwestern portion 
of eiistern Texas: 9 : 30 1). m., Oklnhomit and Texas exce t 

southeastern Louisiann. Intense cold prevailed nearly 
to the coast a.nd the warniiigs were justified. 

December 33, 9:45 p. m., cold wave, Oklahoma, north- 
ern portion of western Texas, nortliwrest,ern ortion of 
eastern 'I'esas, and northwestern prt.ioii of Arkksas; on 

close to 0' were reported. 

were then issued for Nort 7 1 Dakota a.iid eastern Montana. 

iiliscrn~.tioiis, and the 8 p. m. map-for all regions \ ikely 

f 

t.cr :I. reading of XJ.S inc.1ic.s lit i\. 1 oorliead, Minn., with 

s 

E' m-? for 

on the immediate coast. and at  9:55 a.m. of the 13th P or 



the 24th, 9:50 a. m. and 2 . m., for Arkansas, ~khth~JnlH, 

'Louisiana; a t  9:30 p. in., for Arkansas, Louisiana except 
southeastern portion, and for the eastern and southern 
portions of eastern Texas; on the %th, 10:45 a. m., for 
the Texan coast and Louisiana except northwestern por- 
tion. -4 decided fall in tern erature occurred but tlie 

toward the southeast and verifying temperatures were 
recorded at on1 a few stations. 

weather map of December 37, and t,heir progress south- 
eastward over the district. with esceptionally severe 
weather, was forecast. 

The cold wave, of unusual severity for Decernher. 
iiioved southward, breaking records of long standing in 
some localities. It brought temperatures 03 about 0" E". 
or below in the Texas Panhandle and Oklahoma; lo0 to 
14" in northern Tesas; and 20" to 26' in the southern 
portion; 0" to 8" in northern and So to 12' in sout.herii 
Arkansas; 10" to 14" in northern and 12" to 19' in south- 
eru Louisiana. At New Orleans the minimum temperti- 
tnre wm 19", the lowest of record at this station. 

The warnings and advices relative to rotectire mew- 

much loss to vegetation and live stock prevented. 81- 
though the harvesting of matured CM s was pushed, the 

provided, esceeds $1,000,000. On1 about half of t.lw 

the ipes in more than 3,000 residences were burst by 
by t K e freeze. 
Storm warnings issued on December 7 were verified. 

No general storm occurred without warnin 
Fne-weather warnings were issued on t e 7th, lYtli, 

and 24th and were justified.-1. M. Cline, District Forc- 
custw. 

Denver, C'ok., orecast dktriet.-Deceniber, 191 '7, was 

of cyclonic areas which passed eastward along the nortli- 
ern storm tracks. At Modena on the 19th and at Plior- 
nix and Modena on the 29th higher temperatures were 
reported than ever previously recorded at those stations 
so late in December. The district was notably free from 
storms. No cold waves occurred, except on the eastern 
slope, where there were rapid alterntrtions of temperature. 
especially in eastern Colorado from the 7th to the 14th 
and in the early art of the third decade when the wetither 

ward from Alberta. 
Cold-wave warnings were issued for portions of eastern 

Colorado on the 7th, Sth, 9th, l l th ,  12th: 13th 33d. a d  
24th, and for eastern New Mexico on the 7th, Ytli, and 
12th. The warnin were generally fully verified, except 

tern eratures were 20" to 30" lower in eastern Colorado 
on t % e 24th and were close to 0" in portions of eastern 
Colorado on the 25th. Frost warnings were issued for 
south-central Arizona on several days during the fore 
part of the month, and fro& were frequent in that por- 
tion of the State, with a killing frost near Yurna on tlie 
8th.--Frederkk W. Brist, Assistant Forecmter. 

San Fran.&co, Cal., foremst district.--Ytornis rno veil 
eastward from the North Pacific with great regularity 
during December, 1917; but with the exception of the 
storm of the 25t.h, which passed inland along the Canadian 
boundary, their passage was through northern British 
Columbia. The storm movement a t  so high a latitude 
at  this season of the year gave almost continual rain or 

Texas except the imme dp late coast. and northwestern 

high-pressure area did not fo ii ow the aut*icipated c.ourse 

Intense weat 9 ier conditions were shown on the 8 a. in. 

wes which should be taken were genera fi y followed and 

loss of vegetables in the fields, for whic P i no protection ww 

people heeded tlie warning to drain t T I  eir water pipm? and 

% 

unusually dry an d mild in this district, due to a succession 

was under the in i uence of anticyclone.. that moved suuth- 

for east.ern Colora r o for the 24th and 35th. Howevcr, 
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w n v  in Wtwliingtoii snd more than the usual nuniber of 
ilaya with l>recipitnt.ion in Oregon and Idaho, and very 
light precipit,ation in California tuid Nevada. In fact, 
tlmught conditione prevail in the two latter States. 

Storm w-miings wwe issued along tlie Washinoton and 
o~gc111 co:l.sts 011 the 15th, 16th. Ilst,, 23d, 25h, 28th, 
ti.ntl :3lst,, rcnd nloiig the California coast from Point Iteyes 
northward on the 2rjt.h. In lnost, cases they were verified, 
: i d  it. is believed t.liat they were just,ified in every instance 

:his of high pressure prevailed tdmost continually over 
the central nnd southerii plateau region cnusing sevefe 
frost.s nlmost t l d y  (luring the fimt Italf of tlie month in 
Crtlifiwniit. JVliile tlic temperature in the citrus belts 
fell boliiw froeziiq on iiiaiiy nights, it  did not reach a suf- 
ticiently low point to do any material damage. 

Unusually high temperntures occurred in Idaho and 
Nevada on the Igth, and in portions of Washington, 
Oregon and Idaho on the 39th, when revious records 

weather on the 29th caused a ra id melting of the snow 
in the mountains in western dashington, resulting in 
iibh riveis and some damage from floods. 

%his is probably the driest season in California since 
records have been ke,t, and there is less snow in the 
rnountniiis than ever iefore known at this time of the 
year. Only isolated peaks are snow covered and the 
great area above 5,000 feet, at this season usually cov- 
ered with several feet of snow, is now b a r e . 4 .  H. 
CVi.llsoa, District Forcmstw. 

for December were equalled or excee (Q ed. The warm 

Hy GHARLES A .  DON NEL, Meteorologist. 
[Ihtcd: Wearher Biiredu. Wnslibigton. D. C.. Feb. 8, 1918.1 

Fewer storms than usual, of tropical origin, occurred 
iiuring the rear 1917. In  fact only one disturbance that 
could be cjassed as a hurricane of tlie first magnitude 
viz, Septemher 22-30, came within the field of our ob- 
servations. Howerer, it has seemed proper to include 
four stornis in the present category, and their paths 
have been traced on Chart S (xLv-131) of this issue of 
the MONTHLY WEATHEX REVIEW. 

Storni of August 9.--Information concerning this storm 
IS extremely meager. What at the time was believed 
to be a secondary center of a baronietric depression mov- 
iiig eastward near the mouth of the St. Lawrence River 
tlppearcd off the North Carolina coast. Later advices 
seem to disclose that this storni was of tropical origin, 
having formed east of the Virgin Islands and passmg 
thence northwestward to the position charted on August 9. 

Storm oj* September C.--On Se tember 4 a storm a - 
weather report from Hamilton. The pressure was 29.46 
inches with il wind of gale force and rain. The center 
of the disturbance passed to the eastward and northward 
of the islands some time between 12 o'c!ock noon and 
4 p. ni. the same date. No further facts rn reference t o  
this storm have been received. 

Storm of Stpteinber 13-1s.-The second tropical storm 
of September made its first appearance as a deiinlte 
ilisturhance on the morning of September 13 over 
easteru Cuba. During the following 24 hours the center 
moved northward to a position ofT the eastem coast of 
Florida. Prom that point the storm advanced north- 
eastward and by the night of September 17-18 was off 
Cape Cod. It continued its northeastward movement 
antl-passed beyond Newfoundland on September 20. 

peared south of the Bermuda Is P ands as shown by t 1: e 


